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B chromosomes are extra elements found in the genome of several species groups (LECLAIR et al. 1996; LEVIN et al. 2005; VUJOSEVIC & BLAGOJEVIc 2004; CAMACHO 2005) . In fishes, these elements have been widely studied, especially for Neotropical species (OLIVEIRA et al. 2009; HASHI-MOTO et al. 2012; DANIEL et al. 2015) . In this context, supernumerary chromosomes have aroused great interest from the scientific community, especially because of their apparently dispensable nature, and also because they still persist in populations without being eliminated by natural selection (CARVALHO et al. 2008) .
Despite B chromosomes being present in a wide taxonomic coverage, until recently, knowledge concerning their origin, composition, regulation and accumulation mechanisms was very limited. Current technological advances involving sequencing and genomic analysis of B chromosomes (NOVAK et al. 2010; MAYER et al. 2011; SILVA et al. 2016; UTSUNOMIA et al. 2016 ) are helping to elucidate the genetic characteristics and molecular structure of these genomic elements, allowing to formulate hypotheses about their origin. Two main possibilities to explain the presence of B chromosomes in the organisms include intra-or interspecific origins. In the first case, B chromosomes originate from elements that compose the standard A complement, but later came to develop an independent evolutionary pathway (CAMACHO et al. 2000; TERUEL et al. 2009 ). In the second case, B chromosomes could emerge from a hybridization event, as a result of crosses between closely related species (CAMACHO et al. 2000; PERFECTTI & WERREN 2001) .
The channel catfish (Ictalurus punctatus Rafinesque 1818) is native to the North American continent and dominates the United States aquaculture industry, representing over 50% of the total fisheries production (DUNHAM et al. 1998; REZK et al. 2003) . In Brazil, the channel catfish was introduced in the 1970´s, initially in the northeast region, afterwards its cultivation expanded to the south in the 1980´s (PIEDRAS 1990) , rapidly reaching various segments in fish farming, and becoming a fish of high economic representation in the country (GOMES & SCHLINDWEIN 2000) . In the present study, we presented and discussed cytogenetic data for I. punctatus individuals collected in a Brazilian fish farm and described the first record of B chromosomes in this species. It is expected that these data may contribute to future studies involving B chromosomes in fishes and help to elucidate aspects of their evolution, composition and origin.
Material and Methods
Twelve individuals of Ictalurus punctatus were cytogenetically analyzed. Fishes were collected in a fish farm in São Paulo State (Brazil) under authorization of the MMA/IBAMA/ICMBio/SISBIO (Protocol number 18884-1), and registration at IBAMA (Protocol number no. 2567470). Sampling procedures, animal maintenance and analysis were carried out according to international rules on animal testing followed by the São Paulo State University (CEEAA/IBB / UNESP).
The sampled animals were morphologically identified and vouchers of specimens were stored in the fish collection of the Laboratório de Genética de Peixes -UNESP (Bauru, São Paulo State, Brazil). Animals were anesthetized and dissected, and chromosomal preparations were obtained from kidney tissues using the technique described by FORESTI et al. (1981) . Silver staining of the nucleolus organizer regions (Ag-NOR) followed the technique of HOWELL & BLACK (1980) , and C-banding was performed according to SUMNER (1972) .
Fluorescent in situ hybridization (FISH) followed the protocol described by PINKEL et al. (1986) using 77% of formamide stringency. The primer 5S A (5'-TCAACCAACCACAAAGACATTGGCAC-3') and 5SB(5'-TAGACTTCTGGGTGGCCAAAGGAATCA-3') (PENDÁS et al. 1994) were used for 5S rDNA (ribosomal DNA) amplification; and for the 18S rDNA segment the primers used were 18S A (5'-TACGCCCGATCTCGTCCGATC-3') and 18S B (5'-CAGGCTGGTATGGCCGTAAGC-3') (HA-TANAKA & GALETTI Jr 2004). Probes for 18S rDNA were labeled with biotin 14-dATP and with digoxigenin 11-dUTP (Roche Applied Science) for 5S rDNA by means of PCR (polymerase chain reaction). The hybridization signals were detected using Avidin-Fluorescein (FITC) and antidigoxigenin-rhodamine (Roche Applied Science), respectively. Metaphases were counterstained with DAPI (4,6-diamidino-2-phenylindole dihydrochloride) for visualization of chromosomes.
Images were captured using the software QCapture Pro 5.1.1.14 and a digital camera Olympus Qcolor5 coupled to a fluorescence microscope (BX50, Olympus). Karyotype images were edited according to brightness and contrast levels of metaphases, as well as the relocation of the chromosomes to karyotype composition with the Adobe Photoshop CS5 program. Chromosomal morphology was determined on the basis of arm ratio, as proposed by LEVAN et al. (1964) and the chromosomes were classified as metacentric (m), submetacentric (sm), subtelocentric (st) and acrocentric (a).
Results
Giemsa staining revealed the diploid number (2n) of 58 chromosomes as the standard A complement, classified in 8m+20sm+24st+6a and presenting a fundamental number (number of chromosome arms) of 110 (Fig. 1) . Extra chromosomes occurred in four individuals. Among these fish, three presented intra-individual variation from zero to one B chromosome. For one individual (named 6378), supernumerary elements varied from zero to five in the cells (Fig. 2, Table 1 ). The mean frequency of B per cell was 2.01 (Table 1) and the occurrence of 3 B and 5 B were rare, only visualized for three and two metaphases, respectively. B chromosomes presented small size and were considered micro B chromosomes when compared to the chromosomes of the normal complement of the species. Their morphology was dot-like with an uncertain centromere position (Figs 2, 3 and 4) .
Chromosome banding techniques as Ag-NOR, C-banding and FISH were applied in individual 6378 (Fig. 3) that showed the majority of B chromosomes in order to investigate the cytogenetic characteristics of these elements. However, in these analyses, no cell presenting 3 or 5B was found, probably due to the low frequency of this number of Bs per cell (Table 1) . Thus, the maximum number of Bs per cell in posterior analyses was 4 (Figs 3 and 4) .
Silver staining revealed active Ag-NORs on the terminal region of the short arms of two subtelocentric chromosomes (Fig. 3a) corresponding to the pair number 23 (Fig. 1) . Constitutive heterochromatin was distributed through centromeric regions of the majority of A chromosomes (Fig. 3b) . Four B chromosomes were totally Ag-NOR and C-band positive (Fig. 3) .
The FISH technique using ribosomal probes revealed 18S rDNA genes located in the same subtelocentric pair bearing Ag-NORs and multiple 5S rDNA clusters in the terminal position of three distinct subtelocentric chromosomes (Fig. 4) . 18S clusters were also present in three B chromosomes while one B remained without 18S signals (Fig. 4d' ). Some differences in FISH intensity were also observed, with two B chromosomes fully and intensively marked (Figs 4b' and 4c') and one B poorly marked (Fig. 4d') .
Discussion
In the present study, individuals presented the same diploid number (2n=58) previously reported for I. punctatus, which was considered conserved among related species (LEGRANDE 1981; LEG-RANDE et al. 1984) . The pattern of heterochromatic bands in the centromeric regions of A chromosomes and a unique NOR bearing pair (revealed by Silver staining and FISH technique) observed in this work was also similar to previous data for I. punctatus (ZHANG & TERRENCE 1998) . In fishes, 5S rDNA clusters are most commonly observed in interstitial areas of the chromosomes and are considered more conserved when compared with 18S clusters (MARTINS & WASKO 2004) . However, in this work, 5S signals were located in three chromosomes and one 5S signal is apparently missing. This result may be explained by the possibility of chromosomal rearrangements and breakages from the terminal position of this gene in the chromosomes. However, technical problems may not be discarded, as the presence of weak fluorescent signals from one of the homologousbearing 5S clusters not detected using the FISH technique. Here we reported the first occurrence of B chromosomes in I. punctatus, indicating mitotic instability, and variable number of B chromosome number per metaphase. These supernumeraries were presented as dot-like elements. Supernumerary chromosomes showing a well defined morphology are commonly observed for catfish species (PANDEY & LAKRA 1997; MORAES et al. 2009 ). However, as found in the present work, micro chromosome Bs have already been reported for other fish such as the widely studied species Prochilodus lineatus Valenciennes 1837 (ARTONI et al. 2006; PENITENTE et al. 2016) .
The B chromosomes in I. punctatus were considered heterochromatic, which is the most common pattern observed for fishes (VENERE et al. 1999) . Concerning ribosomal genes, a notable feature found herein was the presence of positive NOR signals, detected by Silver staining and the 18S rDNA FISH method in the B complement, indicating that some areas of these elements remain functional in ribosome activity. Ag-staining provides a simple method to detect ribosomal gene transcription (HOWELL & BLACK 1980) . B chromosomes in several species carry rDNA genes (CAMACHO 2005) , including fish species (BARONI et al. 2009; POLETTO et al. 2010; HASHIMOTO et al. 2012) , and in some cases, rDNA has been detected by Ag-staining evidencing the presence of active genes, as demonstrated in the present study.
In relation to the origin of these B chromosomes, as 18S ribosomal genes were detected, we suggest a possible intraspecific source from the A complement. This hypothesis has been proposed for other fish species, e.g. VICARI et al. (2011) studied the distribution of As51, 18S and 5S rDNA markers on the chromosomes of Astyanax scabripinnis Jenyns 1842 and suggested an intraspecific origin for the B chromosomes. Chromosomal breaks may contribute to the emergence of B chromosomes (HOUBEN et al. 2014; BANAEI-MOGHADDAM et al. 2015) . The location of 18S ribosomal genes in the terminal portion of chromosomes in I. punctatus as observed in this study may favor modifier events, confirming the possibility of an intra-specific origin of B chromosomes derived from chromosomal rearrangements involving chromosome breakage of heterochromatic segments and repetitive sequences of 18S rDNA. SILVA et al. (2016) verified that only two of seven B-types analyzed in Astyanax species carried 18S rDNA. In the present work, despite the evident correspondence between B chromosomes carrying active NORs and 18S rDNA clusters, one B remained without 18S signals. Considering the small size, similar morphology and the variable quantity of Bs per cell observed in this study, it is possible that this B was not detected by the Ag-NOR technique, i.e., it may be a different B variant in this species that does not carry ribosomal genes. The dispensability of B chromosomes explains why their DNA sequences evolve at a high rate, which makes possible the presence of a variant with active 18S regions and another kind of B with a different origin or posterior genomic modifications.
These results have shown that the B chromosomes may be important for the genome organization of I. punctatus. Our data will be useful for further analyses to determine whether the B chromosome context can influence the NOR activity in order to provide an extra amount of rRNA for ribosome assembly, and consequently if individuals bearing B chromosomes with nucleolar activity could have better performance in aquaculture. Our results revealed at least three B chromosomes containing active NORs corresponding to 18S sequences, suggesting an intraspecific and recent origin of these elements in this individual, probably resulting from breaks of terminal NORs from the A complement. These results contribute to the study of the channel catfish and also add information to the future elucidation of evolution and origin of supernumerary chromosomes in fishes.
